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The interpretati(m of blood splatter palterns is an illlportant element in
re(:or]structing Ihe events and clrculrwtances of an nccickwt or crim(: scene.
Unlortlm:it(?ly, the illtf?rl)r(!tiltiol] of pi+tterns at](l stililw forlIl(!Il I)y I)lr)()(l (Irol)l(:ts i,; 1101
I}o(:nssiltily il]luilivo :111(1slll(ly ilrl(l illiHl~SiS iir(! reqiiird to iirriv(! ill il (x)rr(v:l
con(;lusiol]. ” A v(:ry tIs(!ful .oo1 in lII(! st(l(ly of I)loo(l sl)lilll(!r I)iltt(?rtls is lli~lll-sl)(}(xl
~)hoto~]r;lpl]y.” Scir!tllists al tll(: Los Ali~l]~os Niltiotlal Laboratory, Dq)artln(ml 01 EII(!r{]y
(DOE), iIINl fllr(xlll of Forensi(: Sorvic(!s, St:ito of C:lliforniil, I]ilvo iws(:tnl)l(xl il lll{jlI-
sp(!o(l imaging system (hsignod to ilnilgo 1)1(xxI splattw patterns, Tll(} (:illrloril otrl~)loys”
t(!(:tll]olog~ (h(:lo~)(xl by L(w AlaIIK)S for th~) iln(lorgrmm(l t~(l(:l(!ilr t(xlinq progr:m iltl(l l]il~i
also boon uswl ill a mililiuy min(! dr~t(wli(m ~)rogram. The (:;lmori~ IIS[:S H soli(t-slilt(! cC13
s(?nsor ()~)(!ratimj ilt apl)roximfit(}ly (i50 friitT](}s ~)or smmn(l (75 MPixols p(!r sII(:I)IvI)
with il Il]i(:ro(:lltit]llol” ~)lilt(! il[)il!j(! int(msifior Itlill (~illl ~]rovi(l(: sl)lith!rimj ;1s sl~orl ilS ~111!;.

“1”11(!ilIlil~J(% ;u(! (:il~)tllr(!(l W;lll ;1 Iill)oriltory” higl]-sl)w)(l digilizol ,111(1 lrilllsf(:rrl!(l 10 illl

li3M (:olnl)i\til)l(! PC for (lI:i~)l.Iy ill~(l Ililr(l (:()~)y 01111)111Ior iltlillv!;l:;. TIII! ilnilfiill!j SY!;I{!III i:;
(I(!:;(:til)(!(l ill Illi:; lI; II I(!r.

IIJTRODUCTI!)N

TI)I! illl(!fl)r{!lillioll 01 1)100(1”!:~)liltt(lr I)iltl(trl]:; is :111illll)oltilt]t (!I(!II1(’111 tlliit I:; II:;{ III
I)y 101(! 11:;1(: :V: l(!lllisls Ill (I(!IIIII:III(J I!V(!IIIS ill il ~:l”llll(! :;(:(!11(!. l+(wdW!!l, 11)(!:;!lill)l! 01 Ii(plill
(Irol):; :11),111)4!lorlll;lliot~” of ::~)lillll!r l)ilt!l~rll:; OIII!II (lo !)01 follow” it]llliti{)ll; 11]1:; l!;

,!!;I,,!(:I;,IIV 1111,1 II) It}{! [;;I!:,! of 1}100(1”([”{[!{$;. I ,Itl(l ~!), I);lll(tll]!i IOIII)4!(I I)v I)looll” IIlolll(jf:j

1::111I){* (:f~lll~l(!til}lllili’~(~ :111(1(l!~lilil(tfl :; II IIIV i:; i(l(l[llr~!([ I() Ilvolll f*rrt)t14q)ll:; illl~~tlllf~lilli(~ll:;

[)1 :;11(:11 llilll(~ll)!; (1+(!1::. j! ill”Ifl 4). t-:ll~~dovil]!~Illlilfjil]fl IIV:IIIIIIII1!IY IIIWIILII)IVI hw 1111~
Iill!ll$l (ll[)lll)ll Illl(!lliill lo!; llll~j l)l[lll[; ill), il lli!~lw;t)l’{ul I’lllI:ll~Jlll{: Ifllilflili!j !;V!;lI~lll 11:;111!] il
!;I)II(I !; I; III I 1~1[11:1101111:[~illll{~li~ lIi I!i l) II~!II ;I’i!i(tlt]l)ll!(l 1)~/ :;(:l[*t]li:; l:i iIl 111{11.()!; Al, II II(I!i
Ni]lll)llill [ ;II)I)I;IIOIV, [>1’l)illlllll!lll 01 1~111’lflv, illlfl ill 1111*[~1111~,111[II I I) IIIII!;I(: !; III VIITII!i,
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lhIIAGING SYSTEM

A block diagram of the imaging system is shown ill Figurt! 1. Tl)o sysleIIl cmwisls
o! a higtl-speed electronic CCD camera with intensifier, a high-speed frame grabl)if)g
sul)systcrn, and the drop release meclmnism with impact area. The drop release
Inechanisrn is an adaptation of a mouse trap and dropper 10 propel drops Ilorizcmtally atl(l
strike appropriate targets. The volume of the drop is controlled by the amount of liquid
loaded into the dropper. The spring-loaclcd nrm can be sot initially at vilriotls loc;itiol~s
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Fifj 1. 131(x:k (iiitflril!l} of Iliqtl-:q)(!(!(l irnil!lit]fj sysl(’111, lh(! (:illll(!r~l i:;
Iri{l!\(?r(!(l I)y 111(!(Irol) r(!h);wc lll(!(:llillli:ilIl illl(f illlil!jl!!i ill 111(! rill(! (If
ill)~)ti)xltllill(!ly 70[) frilltlt!s ~)(!r .s(!(:OIIII 01 70 Ml)ixlds i)(!r :;II I:OIIII.
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Illlil(pl 1::111Ill) III!; III: IYIUI 1)11il fllol~ilof” 01 Wl)llll! il Il; llll (: I)I)V 1::1111)(’ (Illtililll’11.

IIIGH-SPEED CAMERA AND INTENSIFIER
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FRAME GRARBER
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DROP

caplur(:(l hy II)(? lr; ~m(: qrahl)er (:an 1)0 rolorln;itllw{ into d st;]ll(lar(i h?hwislof:
:;ljrh aS RS- 170, for l)li]yl)~lck 01) ;I lJCFI lkq)(+ r(!(x)r(icr, II rlr!sil m{.

RELEASE MECHANISM

Adla[trwn of Ihe drop rcl(’,is(! me(:l):lnistn is sl)own it) Fi{jl]re 3. Tl)tI me(:hi]l~i:itl),
Wtlwll is a simple adaptation of il muuso lrap, (x)r)sists of ~1sl)rillq-lowfe(l arm tlmt
impacts the rul)t)r?r bulb of i~ dropp(?r and propds a (hop of blou(i 01110a tarf~i;l. The
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Fig 3. Sk(+tch of (Irol) r(!l(til:;c nw(:lmniwn showing sl)ri:l!j-lo,l(i( !(l ;wln,
~)osiliofl” of (Irolql(?r, :11](1(:olllill~l for I)rovl(lil)fl ;1 lri!lr~(!r I)lllsr! 10 ill(~
(:ill I](!r; l. Wh(ul tll(! ;Irlrl strik(v; IIII! (II(IIIIM!I 1111111,till! (Irol) 01 Ii(llli(l ill II](!
(Ir(qq)(!r 11111(!is (!x~)l!ll(?ft illlo III{! Iilr!j(:l ill’t!:l wtlr!r(! il I:;lll 1)(! Illlil!](!(l :1:; It
shlk(!s il liIrflI’1.

Volllln(! 01 lIII! ({r(q) is (!(!l(mnill(!(l ill Ill{! initi:d l(~il(lill{] of 111(:dr(qq)(!r ;111(1tll(! v(!locity i!;
(I(!l(!rmill(!(l l~y tl](~ f(m:(! of III(! ilrlr] :;[rikillfj III(! rld)l~(v 1)1[11),whictl i~ (:ot]trollo(l” 1)~ tll(!
(Ii:; tiitil:(! 1110iirlll h; !)II IIINI I)il(:k ii!jiilt]~l 11](! for(w of II:(! sl)lil]!j. A ll](!lill (:of]til(:t is
ills!;lll(vl I](vlr till! (?11!101 lrilV(!l 01 ttl(! :llln lllilt I)rovi(h!s il tri~jfj(~r to 11](! (:illlll!ril V411(!lltll(!
Ill(!lill ;wm Iolll:l)(!!i 111(!l’olltil(:l illl(l 1:10:;1’!; illl (!l(!f:tri(:ill (:ir(xlil.

DESCRIPTION OF OPERATION
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111(’Illlltl !illl’(’11 I Id:llly 1111111/111illlll !;I(IIII(I Ill 1111)1111’lllllly Illl)lllll(l:; 110111Wlll(:tl 111111111,11111
Il!ltil {:!111 Ill’ Ililll!; ll’111’11 Ill 1111’1’(; 1111{Il!qlliiy ;Illlt Il,lllll:(q)v 1)11111111.
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M/tl(!n [Iw cllarqe it] the pixel sIh2s is trwls!crrecl to th~ Interline registers thk!
pixel siles are roa(iy to integrate Ihe light from ttw image Ior the next frame of data.
TI]IIs, the stlutter pulsP to the intensifier is timed 10 arrwe at the first of a frame
transfer to allow [IIC image to form or! the Inlenslficr OIIIp IIl phosphor and IIw?n 10 de(~i~y
ilW; ly t)(?forf! 111(+Il[?xt frarr](: trarlsfer occl]rs. Tile Iighl OUII!U1 of Itlr+ intensifier pl~os~)llor”
(l(?(::iys to :Illnost zero wilhil] a few tens of micros~!cotlcls; I)ow(!vPr, a loIlg I;iil (d lr)w-
I(?V(’I Iigtlt Gill] lilSl ill) to il Inillisecund. It is, tllet:!lr)re, irnportal]t for tll(+ sllllllr!r to
occur at the Iwgil)nlng of Ihe frt-une transler k) allow lh~ image on tlIe Illtcnsifwr of orlo
fralllc to decay as II ILICII as possil)lc before [I]e next flarno is tilk(:n.

To st[ldy splatter formation. i! is necessary 10 take iI r][lrr)ber 01 images of a single
I Irol) during its flight nnd the nulnk)er of irnaqes that can be taken ciq)~nds upcm tile (k(q)
velo(:ity. Tabl(? 1 giv(!s Il)f? distance I)etween images of a drop and Ihe number of imag(!s of
a drop Irl a 1(1-cm dislarlce at various velocities. Good tim(? r(?solution” is ill:hi(:vo[lUI) I()

v(!locities of 4 to 5 rl]eters per second, am-f the [irne resolution appears to I)e adeq[l:lt(: III)

to volo(:itk)s ils I]i!jll as 14 10 15 rnelers per second if cfetatls of Ilw l)r(xik(q) of III(! (Iron
(Iurirlf] ifnpil(:t ar(! not rrx~ulrr+d,

Table 1

Indlcatlon of Time Resolution at Various Drop Velocltles
for a650 Frame per Second Rate

Velocity Distance Between Number Images
(m/s) Frames ( m m ) In 10 cm

I 1.!1 65

2 :3 1 32

4 G.1 1 (;.—
(i !).:? 11
() 1:1. }1 7

12 1[{.4 - r)

I!i ~:{.1 4..— —

INCREASING SYSTEM FRAME RATE

A lIotI’I]tIiIl Illylrovt!ll)l’td It] Illr! Illlil!llr)!] ::~:;t,)lll i:; Itl(:r(!il:iir)!] II)(! ft,~ltl(: lill{~ to
,Ill)ll,v,’ llii:l~,ii:ii~fl till),’ I!!s,)l{ltioll, Tllil Irillll,! r;lli~ of 11)(11111’!i(’llt ~3Yli 13 Iltl]ill!(l I)y 111~1
l:l(l[:k.lll!l Illllllillloll!: 01 Ill{t (;(.;lI !il’rl!iol 111(’1!1(!(:1101111:!;ill III(’ (iY~i l:illlll’ril :iy:,ll’rll I:illl

::lll)llorl ;I l’!(l~:k Ii III I III 100” Ml I/j III) WIWIII, 1111’(j(;l):’:’~’ {:;lllrlol (q)~’r.lh’ ill 1111~1oo” M1l/
r.111’. II illlllllill!i Illill Ill{’ Illllllillloll of 111(’ t;(;l)i’;’:’ 1!, 1111}llilllllWlfllll (11 1111’(:lllllllt
,Ilrll)lllll’1 I()(:; II II(I (III 111111:11111, WIIII tIIl; IlwIIly 1111111fhI:;I~IrI II II MIIIII:; III(III I(I lrllt(’;l!h(’ 11111

II, II II IWIIIIII of 1114111111~1111illlll)llll(lr, III(I (;(;I)l’;!l! {:{1111~1 1111 ~)lIIIIiIIIIIl ill 11111 100” M1l/ I)l)(t’1
r;lh,. Illl!i Wfllll(l ;IIIIIW ;1 11;11111’;,11{) (11 Ill!il f)v(v 1()()() Ilillrl(’:, ill’1 !il’l:oll{l !., tillll Ill!llll’1
Ililllll’ llll(’:i (:1111 IU’ ,lf:lllf ’Vl’lf lllr~)ll!lll :il’11111’llllill ol)(’f;illflrl 01 rlllllll])l(’ Ilrltiill’r:;. I (!I
(Ixillrll)l[l, ,1 1[)111 (:;111]1,1;1 1111;1{111)[1:l’; :; I(IIII wIlll IIiIi:lI I:; II III*I; I ollflliltlllql ill lo(~(~ Ilillrll’!i lItIl
?;IJI:I)IIII !’,11) III* {’I)IIII!III113(I 10 ill:llll,Vll il Ilillllfi Iilll* 1)1 ‘10[)() fl; lllll’:; 1)[,1 :;lil’(lllfl.
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CONCLUSIONS

A high-speed imagil)g system has been assembled Ihat can be used to image [IN+
formation of blood splat!er patterns. The systcm is based on technology rievelopecl for th(!
underground n(l{:lear testing proqram. The present system tilt) operalr! at frame rates 01
650 frames per secor)d aml inlprovemel]ls have beet] identified that will achieve Irame
rates of 1000 frames per second and higher. These improvements will be implemented
as tcchnok)gy advances are made and resources become available.
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